REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

Public reporting burden for this collection of mformation is estimated to average 1 hour per response, including the time for reviewing instructions, searching axisting data sources,
gathering and maintaining the data ded, and pleting and revi g the ion of information. Send coinments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reduclng thiy burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503.

1. AGENCY USE ONLY (Leave blank] | 2. REPORT DATE | 3. REPORT TYPE AND DATES COVERED
14.Jan.03 DISSERTATION

4. TITLE AND SUBTITLE
THE EFFECT OF CASE BASED VS SUSTEMATIC PROBLEM SOLVING IN A
COMPUTER MEDIATED COLLABORATIVE

6. AUTHOR(S)
MAJ URIBE DANIEL

5. FUNDING NUMBERS

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)
ARIZONA STATE UNIVERSITY

REPORT NUMBER

CI02-814

9. SPONSORING/MONITORING AGENCY NAME(S] AND ADDRESS(ES)
THE DEPARTMENT OF THE AIR FORCE

AFIT/CIA, BLDG 125

2950 P STREET

WPAFB OH 45433

10. SPONSORING/MONITORING

AGENCY REPORT NUMBER

8. PERFORMING ORGANIZATION

11. SUPPLEMENTARY NOTES

12a. DISTRIBUTION AVAILABILITY STATEMENT
Unlimited distribution
In Accordance With AFI 35-205/AFIT Sup 1

12b. DISTRIBUTION CODE

13. ABSTRACT (Maximum 200 words)

sz 011

14. SUBJECT TERMS 15. NUMBER OF PAGES
132
16. PRICE CODE
17. SECURITY CLASSIFICATION | 18. SECURITY CLASSIFICATION | 19. SECURITY CLASSIFICATION |20. LIMITATION OF ABSTRACT
OF REPORT OF THIS PAGE OF ABSTRACT
tandard Torm 2-80) (FG)

Prescri y A'ISI t

.Designed uslnq grform Pro WHS/DIOR Oct 94



The views expressed in this article are those of the
author and do not reflect the official policy of
position of the United States Air Force, Department
of Defense, of the U.S. Government.



THE EFFECT OF CASE-BASED VS. SYSTEMATIC PROBLEM SOLVING IN A

COMPUTER-MEDIATED COLLABORATIVE ENVIRONMENT
by

Daniel Uribe

A Dissertation Presented in Partial Fulfillment
of the Requirements for the Degree
Doctor of Philosophy

DISTRIBUTION STATEMENTA
Approved for Public Release
Distribution Unlimited

ARIZONA STATE UNIVERSITY

December 2002



THE EFFECT OF CASE-BASED VS. SYSTEMATIC PROBLEM SOLVING IN A

COMPUTER-MEDIATED COLLABORATIVE ENVIRONMENT
by

Daniel Uribe

has been approved

December 2002

APPROVED:

Ujli ”(g /an
J

Supervisory Committee

ACCEPTED:

Division Directof/

m/%,;\

Déan, Graduate College




ABSTRACT

The purpose of this study was to investigate the effect of instructional method
(case-based approach vs. systematic approach) and collaborative group size on learners’
ability to solve ill-defined problems in a web-based environment. Working in teams of
two (dyads) or teams of four (quads), the participants learned how to solve problems
using case-studies (case-based approach) or they learned a four step problem-solving
process (systematic approach). The participants first worked through a web-based
instructional program that taught them the problem-solving approach. Then, they applied
the problem-solving approach to solve realistic problem scenarios. Results indicated that
participants who worked in dyads performed significantly better than participants who
worked in quads on one of two problem scenarios. The data did not indicate a significant
difference by instructional method. Participants who worked in quads spent significantly
more time on the learning program than participants working in dyads. Analysis of time
spenf solving problems revealed that participants who used the systematic approach spent
more time solving the problems than did participants in the case-based approach. All
treatment groups had positive attitudes toward working with others, the instructional'
materials, and applicability of problem-solving skills to other settings. However.
wquing collaboratively using a computer-mediated medium was the lowest rated item in
the attitude survey, indicating participants did not enjoy collaborating using a computer.
Analysis of the communications between team members indicated that 95% of the
communications that took place were related to the problem-solving task. Implications

for the implementation of computer-mediated collaboration in distance learning are

discussed.
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Introduction -

Problem solving is regarded as one vof the most important cognitive activities in
everyday life'and a primary goal of the education process (Jonassen, 2000; Phyé, 2001);
How to design effective instructional programs that help learners acquire kth‘é skills to
solve ill-defined problems has become a focus of the instructional technology field in
recent years. According to Jonassen (2000), ill-defined problems are characterized by a
lack of knowledge of all elements of the problem, multiple solutions or solution paths,
multiple criteria for evaluating solutions and a need for the learner to make judgments
and express personal opinions or beliefs.

Some critics argue that current instructional design models are not well suited to
teach the skills necessary to solve ill-defined problems (Van Merrienboer, Clark, Moore
& de Crook, 2002). To fill this apparent gap, several problem-solving instructional
strategies based on current cognitive and learning theories have been advanced. These
strategies emphasize solving realistic problems in authentic contexts (Oliver &
Harrington, 2000; Bastiaens & Martens, 2000).

| The following paragraphs present a review of the literature on case-based learning
and the systematic approach to problem solving. Also, the relationship between
collaborative learning and problem solving is explored and a review of the research on

the effect of group size on performance is provided.



Case-Based Approach to Problem Solving

Proponents of case-based learning describe it as a powerful ihstructional approach
that is engaging and that leads to sustained and transferable learning of problemfsolving
- skills (Mergendoller, Bellisimo, & Maxwell, 2000; Stepien & Gallagher, 1993). Case-
based learning uses authentic, complex problems as the impetus for learning and fosters
the acquisition of both disciplinary knowledge and problem-solving skills (Bligh, 1995;
Edéns, 2000; Flynn & Klein, 2001; Levin, 1995). Becausev of its potential to enhance
knoWledge acquisition, case-based learning has become a popular method to deliver
classroom instruction in education, and it has been used in a variety of academic
environments (Edens, 2000; Flynn & Klein 2001, Kinzie, Hrabe & Larsen, 1998,
Shulman, 1992). Julian, Kinzie and Larsen (2000) proposé that case-based learning is
more effective than didactic teaching methods because it more accurately represents the
complexity aﬁd ambiguity of real-life problems and it provides a means for allowing
learners to develop the kind of problem-solving strategies that practicing professionals
use.

Van Merrienboer et al. (2002) identify case-based learning in the 4
Components/Instructional Design (4C/ID) model as a scaffolding technique that supports
the learner at the beginning of complex tasks. According to Van Merrienboer et al., case
studies are préduct-oriented support for complex learning that provide the learner with a
given state, a desired goal state, and the solution to the problem. They theorize that this
scaffolding will help the learner develop mental models from the given examples that

will aid in the solution of the same type of complex problems.



_Systemaiic Appfqach to Prbblem Soiving

v’ Anotherl téchnique that can be used to solve comblex tasks is that of a systemaﬁc
approach to problem solving. Vaﬁ Merrienboer et al. (2002) describés the systematic‘
approach as a strategy that usés heuristics and/or rules-'of—thumb; Whiéh can be appliedvto
solve a complex‘ task. Gagné (1985)‘ déscribés problem solving‘és an extension of boﬂi
rule learning and schema learning. He argues that problem solving is not just the
application of rules to achieve a goal or solve a problem, but if is also a process that
yields new learning. When a learner is faced with a problem situation, Gagné (1985)
argues, the learner will recall previously learned rules in an attempt to find a solution. In
applying the rules and finding a solution, the learner will also develop a “higher-order
rule” that can be applied to problems in the same domain or of similar characteristics.
Along the same lines, Van Merrienboer (in press) describes the systematic approach as a
process-oriented learner support for complex learning that provides the learner with a
cognitive strategy that can be applied when the learner is confronted with problem-
solving tasks in the same domain.

A systematic approach to solving problems has been found to be effective in a
variety of academic disciplines. For example, a systematic approach that combines
elements of clinical reasoning and the scientific approach is taught early to medical
students and is refined as the student gains experience (Benjamin & Hamdy, 1993). Ina
study of high-school mathematics students in the Netherlands that compared different
approaches to problem solving, the results revealed that students that learned

mathematics through a heuristic or systematic approach were able to use their



nﬁathematical knowledge to solve problems better than students wﬁd used a discovéry
approach. (V an St.reun,‘ 2000).
Collaborative Learning and Problem Solving

The meﬁtal models and cognitive strategies developed by the learner to solve
complex tasks can be enhanced through the use of a collaborative envitv‘Onment.’ Some
current research suggests that a collaborative learning environment can positively affect
performance on problem solving tasks (Flynn & Klein, 2001; Johnson, Johnson, & Smith,
1991; Mergendoller et al., 1999). Collaborative learning is defined as "an activity that is
undert'aken’by equal partners who work jointly on the same problem rather than on
different components of the problem" (Brandon & Hollingshead, 1999). Srnith’ and
McGregor (1992) also defined qollaborative learning as a “joint intellectual effort.”

Although collaborative learning is often used synonymously with cooperative
learning, there are some important differences between the two learning strategies.
According to Johnson and Johnson (1988) the five elements necessary for a successful
cooperative environment are positive interdependence, face-to-face promotive
interaction, interpersonal and group skills, group processing, and individual
accountability. In contrast to cooperative learning, collaborative learning is less
structured and requires studehts to work more closely together on a task. Damon and
Pheips (1989) state that the two elements essential for collaboration and which
distinguish it from cooperation are equality, or students of similar abilities working
together, and mutuality or learners working on the same problem rather than different

components of the problem. A meta-analysis of the use of collaborative learning in



hfgher education 'cqlirées indiéatéd that collabofative leé.rhing prom(v)t'e}shighe’r. »
" achievement, higher-level reasoning, more frequent geﬁe'rétion of kidieas and sOitiﬁOns,
and greater transfer of leé.rning than individual or competitive learning strategi.c.as‘

Jd ohnsqn etal,, 1991). Other researéhefs suggest that cdliaborative learﬁing is more
effective than codperaﬁve learning in areas requiring higher order thmklng skivlls si;ch as
problem solving (Dambn & Phelps, 1989; Doran, 1994). | .

The research conciucted to examine the effect of collaboration oﬁ problem solving

supports the hypothesis that a collaborative learning environment is well suited for
solving problems (Spector & Davidsen, 2000). In several studies conducted to analyze
the impact of a collaborative environment on problem solving, collaboration was found to
improve performance on complex or higher-order thinking activities (Chang & Smith,
1991; Johnson & Chungh, 1999; Mergendoller et al., 1999). In these studies, learners
appeared to benefit from the opportunity to discuss the problem, brainstorm potential
solutions and arrive atba final solution. However, these studies have been conducted in
face-to-face environments. Additional empirical research is necessary to indicate
whether the positive effects of collaborative learning during problem solving tasks will
also be obtained in a computer-mediated collaborative environment. With enrollments in
courses delivered over the Internet in the United States already at well over 100,000
students (Simonson, Smaldino, Albright & Zvacek, 2000), it is important to confirm that
the positive effects of collaborative learning in a face-to-face environment are also

evident in a computer-mediated collaborative learning structure.



. Co"'mpute;-*-Mediat'e»d Collaborative Learning

A wcb-baséd diétance education environméht may be well suited}fbr the teaching |
and learning of complex skills such as problem solving. In the web-based environment, a
realistic setting can be created where the learner has access to a vast amount of authentic
information and can work collaboratively through real-time computér—mediated
communications to solve ill-defined problems. These characteristics of the web and a
computer-mediated environment may tend to facilitate problem-based learning.
According to Laffey, Tuper and Wedman (1998), computer-mediated learning on the
World Wide Web is suitable for problem-based learning because it provides ample
resources, allowing students to do their own planning and present new forms of
knowledge, which expand the mechanisms for collaboration and communication. Others
also argue that computer-mediated collaboration and the web are excellent technologies
for case studies and integrating higher-order learning (Jonassen, Prevish, Christy &
Stavrulaki, 1999). Miller and Miller (2000) also suggest that the characteristics of the
Internet environment, which provides a hyperlink structure with easy access to relevant
information, realistic and enhanced media and syncthnous communication capabilities,
make it an effective learning environment for complex skills.

However, additional research into the effect of synchronous computer-mediated
communication on solving complex tasks is necessary. According to Murphy and Collins
(1997), research on synchronous computer-mediated communication has been limited to
investigations of the recreational use of online chat systems. But the use of these

systems for instructional purposes, and specifically for problem-solving tasks, has been



' explored only through case studles These case studles support the hypothesw that the
beneﬁts of collaborative env1ronment in a face-to-face environment are also found in a
computer-mediate_d environment (Hall, 1997; Johnston, 1996; Naidu & Oliyer, 1999).

Current research on computer-mediated collaborative learning indicates that it is
effective when students are faced with higher—order cognitive tasks such as problem
solv1ng (Johnston 1996). In a short pilot study on the use of computer-mediated
collaborative groups in post-compulsory teacher educatlon in the United Klngdom
results indicated that students using computer-mediated communications worked better
with higher-order cognitive tasks than stucients in the control group who collaborated
face-to-face (Hall, 1997). In another case study where collaborative learning facilitated
through computer-communication was used, nurse practitioners appeared to derive more
benefit from the experience of their peers by working and sharing information via
computer—mediated communications than a group of students who did not have access to
computer-mediated communication (Naidu, et.al., 1999).

Other research also indicates that the quality of interaction between learners in a
computer-mediated environment may actually be better than interaction in a face-to-face
environment. Findings in a case study suggested that computer-rnediated groups seemed
to put more thought into the comments they made, thus providing higher quality
responses than students who worked face-to-face (Camin, Hall, Quarantillo &
Merenstein, 2001). Hillman (1999) also found that the interaction patterns of computer-
mediated groups resembled thoughtful discussions whereas face-to-face interactions

resembled recitations. And in yet another study where computer-mediated




communications was Compared to face-to-face interactions, ﬁndirigs suggest that in the

é’omputer—mediated environment there was a tendenéy to share idcas without the
restraints of typical social conventions, which resulted in deeper and more thougﬁtful
discussions (Kruger & Cohen, 1996).

In a recent study that compared computer-mediated collaboration versus
individual learning, Uribe, Klein and Sullivan (in press) found that learners who
collaborated through a synchronous computef—mediated environment to resolve an ill-
~ defined problem performed significantly better than learners who worked alone. These
results support the hypothesis that computer-mediated collaboration has a positive effect
on performance when resolving ill-defined problems. The results also showed that,
overall, learners preferred to work collaboratively versus individually. Another
interesting finding was the high number of on-task interactions (quéstions, answers and
discussions) between members of the dyads, which seems to support the idea that a
computer-mediated collaborative environment promotes peer-to-peer communication
directly related to the learning task.

Computer-Mediated Collaborative Group Size

Another variable that may influence achievement in a computer-mediated
collaborative setting is the size of the collaborative group. Although little empirical
exploration exists on this subject (Collins & Onweugbuzie, ZOOO;Valcke, 1988), the
general rule-of-thumb is that small collaborative groups (2-4) are better than large groups
(Johnson & Johnson, 1988). The studies that have been conducted addressing this

question have yielded contradictory results. For example, Lou, Abrami and d’Apollonia




i ‘(2001) cbnducfed a nieta-anélysis of 122, studies that comjjared small group and
individual learning with computers and fouﬁd thét_’ groups of tv‘/o: had signiﬁéant‘lyvhigher
kachievement than groups of three to five members. Collins & Onweugbu’zie (2000)
discovered that group size had a quadratic effect on the quality’ ovf‘outlp‘u't prodUced ina
face-fo-face undergradﬁate research methodology clasé. This Quadratic efféct. rﬂéént that
teams of two outi)erfonhed the teams of three, four and five participants, but the fea’m of
six niembers outperformed all teams. But the researchers point out that since ’the '
interactions between team members were not recorded, it is unclear whether group size
was the only factor that affected performance (Collins & Onweugbuzie, 2000).
However, Lotan, Cohen, and Hothuis (1994) found somewhat different results in
a naturalistic study in which 7™ and 8™ grade students were observed working on ill-
defined problems with open-ended solutions in social studies classes. In this stud}‘/ no
groups were assigned, but the students were allowed to form into spontaneous working
groups. The observations revealed that groups with the higher number had the highest
level of participation and the highest average achievement. The researchers concluded
from the observation data that the larger the group size, the larger the proportion of
students interacting. Alternatively, McIsaac and Ralston (1996) observed a distance
education undergraduate course and found that collaborative groups larger than five in
synchronousv environments may require a moderator to be effective. However, it is

important to point out that the students observed by Mclsaac were involved in classroom

discussions and not working on problem-solving tasks.
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o “"The size ofa computef-mediated colléborative group in synchi‘onous o
enyirohments is parficﬁlarly iinportant’ to consider when solving cOmplex tasks Thé
fnost commonly used form of synchronous computer-mediated communicationr in
distance edﬁcatidn settings is some form of text-based communication, such as the
Internet Relay C_hat.‘ An obvious advantage of this type 6f system is that participants can
corﬁmunicate réal-time without the delay experienced ih asynchronous systems like email
or listservs. A synéhronous communication system is also better suited for problem-
solving tasks because it more closely resembles a real-world situation (Bastiaens &

| Martens, 2000). But, according to Murphy and Collins (1997), one of the biggest
disadvantages of chat-systems is that turn takihg in this synchronous environment can be
a problem because there are no visual clues such as body movements, eye-contact, etc., to
indicate when someone wants to enter a conversation. In this type of system, all of the
users tend to “talk” simultaneously and several conversations may be occurring at the
same time, creating a confusing environment. Thus, as the number of members of a
synchronous computer-mediated collaborative group increases, the positive effects of
collaboration when solving complex tasks may decline. The confusion created by a

larger number of participants may have a detrimental effect on the group’s ability to solve

problems.

Research Questions

This study examined the effects of two instructional methods (case-based approach
and systematic approach) and collaborative group size (teams of two or four) on learner

performance in solving ill-defined problems. The case-based approach provided a



1

ie@rhérl vﬁ’th a cuﬁent "_vsiv:»ate (pfobjle'm), end-state (goaﬂ) énd a solﬁti_on to vthe.problém. The

sysfematié éppfbachg cbhfroﬁted thé léérner w1th é‘prbbiem but taught a ste1¢)-by->sntep" |

process that could be used to solve it. Data on performa'nce soiving ill-defined pro_blemns,
attitudes, and time oﬁ task were kcollected for all panicipants. Data werei élso cc;llected '
on the hature of the iﬁferacﬁons betwe}een’ participants in both sizes of colléborétive
groups. The pfocesses used by participants to arrive at a solution Were_also observed.

The research questions for this study were:

1. Do either instructional method (case-based approach vs. systematic approach) or

-collaborative group size (dyads vs. quads) have an effect on learner performance in
solving ill-defined problems in a web-based environment?

2. Do either instructional method or collaborative group size have an effect on time
spent on instrﬁction?

3. Do either instructional method or collaborative group size have an effect on time
spent solving problems?

4. Do either instructional method or collaborative group size have an effect on learner
attitudes toward collaborative learning, computer-mediated collaboration, web-based
instructional programs, time available for the program, and applicability of problem-
solving skills learned to other tasks?

5. Do either instructional method or collaborative group size have an effect on the type

and amount of communication that takes place between team members?



Metﬁod

Participants

bThe participants in this experiment were 130 cadets from the United States Air
Force Academy. All of the participants volunteered to participate in the study. There
were 99 male participants (75%) and 31 female participants (25%). The study was
incorporated into a three-hour segment of instruction of the cadets’ ﬁrst-year language
course. Although the participants’ academic ability was not measured, they were
expected to be high academic achievers since the Air Force Academy has very high

entrance requirements.

Materials

The materials for this study were developed and incorporated into a web-based
interface through the Blackboard course management system (see Figure 1). Blackboard
is a course management system that provides faculty members the ability to develop and
| deliver courses over the World Wide Web. The following items were embedded within
the Blackboard system for this study: an instructional program, problem scenarios and
assessment questions relating to the problem scenarios.

Instructional Programs. Two different web-based instructional programs were
developed for this study. One program taught the participants a systematic approach to

solve problems. Another program used a case-based approach to teach students how to
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Figure 1. Blackboard Interface and welcome screen.
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| vsol\v'e probiems; bBotl"Al programs taught students ‘how to solvé decision-making problems.
A des.c'rbip'tiyon of each instructional program is preseﬁted below. :

Systematic Approach: A web-based instructional program on a systematic
' approach to i)robllén.l solving was developed for this study (see Appendix A). The
| instructional program focuses on a four-step problem—solving process derived from the
Air Force's "Six-Step Problem-Solving Process" commonly -faught to college juniors
enrolled in the Air Force ROTC program. This modified approach was intended to
provide students with a tool to solve cqmplex problems. The systematic instructional
approach was also developed based on principles for systematic problem solving outlined
by Gagné (1985) and Van Merrienboer et al (2002). The learning objectives of the
program were for the student to:

1) Describe the problem environment and write a problem statement.

2) Categorize data relative to the problem.

3) Identify possible solutions that meet the problem criteria.

4) Select the best possible solution.

The problem-solving process led students through the following four steps:
problem deﬁnition, data gathering, developing and testing possible solutions, and
selection of the best possible solution. Within the program, an agent (animated cartoon)
taught the steps of the process and used an example scenario to show the learner how to
apply each step. Throughout this portion of the instructional program, the learner was
asked to discuss the information in each step of the process with the rest of his or her

team. For example, during the instruction for step one the learner was taught that it is
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i‘m.porkténbt’ to idémify iﬁeindividuals" involved in the problern. He or sho was ihén aSl;ed -
A‘to‘ disbi;ss With hlS or her team who the individﬁals fin'.volv’ved in ‘:the problq;ﬁ are and to |
write an answer in a space provided. The animated ’cartooﬁ then shq_v;/ed ’the ieamér the o
correct answer. | |
The teaching 6f the steps was followed by a second praciice scenarvio‘ Wheré the

studeﬁt was presented with the problém and was asked to find the best pdssif}le soiution.
In total, the student Wés exposed to two different problem scenarios in the instrﬁcﬁonal |
program. The learner was prompted to collaborate with his or her team at several points
throughout the learning program.

Case-Based Approach: A web-based instructional program that uses a case-based
approach for problem solving was also developed for this study (see Appendix B). The
- program was designed using the principles outlined by Van Merrienboer et al. (2002) for
using case studies to teach problem solving. The prograrh was designed as an open-ended
learning environment but with some constraints. The first screen welcomed the student
and quickly familiarized him/her with the web interface. The étudent was then told that
he or she would be learhing how to solve complex problems by reading how others have
solved similar problems.

The content of this case-based instructional program had some similarities and
key differences with the content of the systématic approach to problem solving described
above. The same two problem scenarios were used and an animated agent also guided
the learner. However, the student was not systerhatically taught the four steps of the

problem learning process. Instead, as Van Merrienboer et al. (2002) suggest, the learner
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o was confronted w1th a given state (problem scenario) a desired state (goal) and a best

possible solutlon as determmed by the 1nd1v1dual involved in the case.” For example the

| participant was confronted with a problem scenario where a cadet is facmg a decrsion- ,

making problern (given State). The agent “leads” the learner as he implernents a solution
based on the informafion surrounding the problem to achieve a goal (desired state). As
recommended by Van Merrienboer, et al. (2002), the learner was askedseveral thought- |
provoking qnestions throughout the program, which were intended to trigger deep
processing and to develop a better mental model of the problem environment. For
example, after the learner read the problem scenario the learner was asked to discuss the '
following questions with his or her team: “Can you think of possible solutions to this
problem? What other information would you need to make a decision?” After the agent
developed possible solutions, the learner was asked, “What vdo you think of my possible
solutions? Do you think my solutions address the problem? Why or why not?” Finally,
after the participants read what happened when a solution was implemented, they were
asked to discues the following question, “Would you consider this an acceptable
outcome? Why or why not?”

Once the learner went through one case study he or she had an opportunity to
practice with a different problem scenario. In the practice exercise, the learner was
presented with a scenario and information related to the scenario. The learner was asked
to collaborate with his or her partners to identify the best possible solution based on the
information available. The feedback the learner received in the program was based on a

list of “expert” solutions for the scenario generated from studies conducted by Hedlund,
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| : Sternbergand Psotka (2002) for the Army Réséarch Ins_titﬁfe. Inthls case-béséd o
B aﬁpfdaéh; learﬁers Wefé given the sbambe two problem sceﬁariosl as >‘learners in‘thé
systematic approach and the éame amount of prac‘tice.. Thé key diffeil;.étlflcé‘ _betwe6n the
two instructional programs was the approach uSéd. As previously nofed, the participants
, Wcré asked to collaboraie at several points thrdughout both instructidnal programs'.
| bAssessment Problem Sce.narioév. 'fhe’ assessmeﬁt scenaﬁos' that were uSed in the
instructional programs anci for assessment were modified versions of scenarios developed
by Hedlund et al. (2002) of the Army Research Institute (see Appendix C). The
participants reached the problem scenario through the screen shown on Figure 2. The
problem scenarios were developed from realistic situations encountered by junior Army
officers and were modified by the researcher to reflect an Air Force theme. The
modifications included changing items such as Army company commander to Air Force .
squadron commandér or changing a tactical scenario involving soldiers to tactical
~ scenarios involving airmen. There were no substantial changes made to the problems
faced by the young officer or the circumstances surrounding it. All of the problem
scenarios revolved around a military theme.
All treatment groups were assessed using the same problem scenarios. The

following is an example of the types of problem scenarios that were used:

“You are a new element leader. Your squadron is preparing to deploy as part of

a rapid-response contingency TDY. You assemble your element and tell everyone to start
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Figure 2. Blackboard Interface for Assessment Scenarios.
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packing equipment in preparation for the deployment that same night. When you come
back to inspect their dej)'loyment preparation, you find that your airmen have not packed
the equipment and are talking to personnel from other elements who are hanging aroimd

the area. What should you do?”

As part of the problem scenario, the participants had access to additional
information in the form of simulated interviews with the individuals involved in the
problem sc;enario.k The collaborative groups were able to discuss the problem scenario
and related information. However, each member of the group had to answer each
assessment question individually. The question the students had to answer for each

problem scenario is listed below:

"What is the BEST POSSIBLE solution for this problem? Make sure to FULLY

EXPLAIN the rationale you used to develop your solution."

Scoring Rubric. A scoring rubric (Appendix D) was used to evaluate the
participants' responses to the assessment scenarios. Given the nature of an ill-defined
problem scenario, there were a variety of optimal solutions for each problem scehario.
Therefore, the rubric was constructed to allow assessment of the validity of the solution
proposed by the Iéamer, and the quality of the process the student used fo arﬁve at the

solution. The rubric was designed to help evaluate learner performance in the following

areas:
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1) Current state or prqblem definition (Did the leérner understand Whaf’ thev
o 'problen»l is?) o
2) End st‘atebo’r goal (Did the learner understand what the desired goal is?)
- 3) Process (Did the learner follow a logical, well-supported path to achieve a
soluﬁon?) | |
4) ,Recofnmehded solution (Did the solution produce the desired end-state? Is it
the best possible solution given tﬁe learner’s understanding of the problem?)
The participant_s were given four problem scenarios to solve, however, they were
told to concentrate on solving the first two scenarios and only do the last two scenarios if
there was extra time available. Problems three and four were considered bonus problems.
In order to emphasize the quality of responses on the first two scenarios and encourage
collaboration, they were told that the first two scenarios were worth 8 points, while the
bonus problems were only worth one point each. The maximum score possible for
problems one and twb was 16 points. Although the participants collaborated on the
problem scenarios, each participant provided individual responses to each problem. The
participants overall score was determined by the total number of points earned for each
scenario. As a hypothetical example, if participant A was able to complete all four
scenarios but the quality of the responses was low, participant A may have earned four
points on scenario #1, three points on 'scenario #2, one point for bonus scenario #3 and
zero points for bonus scenario #4. The total score for participant A was 8 points.
Alternaﬁvely, if participant B completed only the first two scenarios but the quality of the

responses was high, he or she may have scored eight points for scenario #1, seven points



- f’or: Sbénéﬁo #2 and igrb pointé for the 'bonus'pr‘Oble)rrns. Hocher, tile ovéréll :écorevof -
| "péitiéipant B would be higher fhan paftiéipant A’s with é ‘t(‘>ta1> of 16 poihts'."

The participant answers to the assessment scenarios were g’radéd byv fhe primary

_' researchér and another ind‘ividualy trained by the researcher on the s_coring rubrié and -
assessmeht scenarios. The primary researcher is an Air Force m_ajbr Wlth 16‘ yeafs bf |
experiénce deéling with problems related to technical troubleshooting, deCiSion-making,

_ and leadership and is well-qualified to assess the quality of responses of the participants.
Thé additional rater holds a Bachelor of Science in business administration and has 15
years of workplace and business experience. The infer-rater reliability was established by
- having the primary rater and additional rater blind score the problem scenarios for ten
participants. The scores for each assessment scenario were loaded into SPSS for each of
the ten participants and analyzed to determine the correlation between the two raters.
The correlation was found to be .94. Once the inter;rater reliability was established, the
two raters scored an equal number of participant responses. '

Attitude Survey. A 22-item survey was developed to measure participant attitudes
toward working with one or three partners, as well as their attitude toward the
instructional program and toward transfer of the problem solving skills learned to other
tasks (see Appendix E). The survey contained 18 Likert-scale items, one multiple choice
question and three open-ended questions. Respondents used a four-point Likert scale
(0=strongly disagree, 3=strongly agree) to rate their attitude toward working in a» web
environment, working with others when solving problems, and their perception of

transfer of their problem-solving skills to other types of tasks. Coefficient alpha was
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- c,b';:tlpﬁted as an internal conéistency estimate of reliability fjo‘r fhe Likért pdrtion of the
4suri\:/ey' and foﬁhd to be .83. Thel8 quéstions of the Likert port‘idn‘of the éurvéy Wéré
divided into six different categories with three questions eabh. These six categories weré
‘inteﬂdea to gauge participant attitudes towards'workirig with others, co_llaboratiﬁg on-

‘ line,‘ appeal of instructional materials, amount learned frbm instructional materials, tirﬁe

available for thé program and applicability of informatioﬁ learned to 'ot‘hér séttings. A

factor analysis was performed on these 18 questions to determine if the survey data

revealed the same categdries or groupings. This procedure yielded five factors. The

identified underlying themes were participant attitudes toward: 1) working with others, 2)

collaborating on-line, 3) instructional materials, 4) time available for the program, and 5)

transfer of the information learned to other settings. The procedure used for factor

extraction is discussed in the design and data analysis section below. Additionall'y,v the
participants were asked to select their preference for working on complex problems from
the following four choices: alone, with one partner, with two partners, or with three or
more partners. The participants were also asked to write down the proéess they used to
solve the problems, what they liked best about the program, and what they would do to
improve the program. |

Procedures

~ In accordance with the requirements of the Air Force Academy Institutional
- Research Board, one week prior to the study, the primary researcher went into every first-
year Spanish, French and German classroom and read a recruitment script (Appendix G),

which explained the purpose of the study in general terms, described that the top-
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‘ performmg teams would receive a free drnner and requested Volunteers for the study
The prlmary researcher conducted the bneﬁngs in c1v1l1an clothes to preclude the
pOSSIblhty of subtle coercion of the cadets Once the cadets had made a dec1s1on those
who demded to part1c1pate were g1ven a copy of the “SubJ ect’s Bill of nghts” (Append1x
H) and were asked to read and sign an Informed Consent Document (Append1x D.

| Immediately following the recrmtrnent portion of the brleﬁng, the cadets who |
volunteered for the study were given approximately 20 minutes of instruction on login
procedures for the Blackboard system, how to use the Blackboard system to collaborate,
and general instructions on how to navigate throughout the program. Any technical
issues related to access to the Blackboard system were clarified during this brieﬁng.
Finally, the participants were given a problem scenario and were asked to write-down the
process they would use to solve the problem (see Appendix F). This instrument provided
information on whether the participants had previously learned a process for problem-

| solving.

After the recruitment briefings were completed and a list of volunteers was
generated, the participants were randomly assigned to one of four treatment groups. The
treatment groups were divided by instructional method and collaborative group size as
follows:

Group 1: Systematic Approach - Dyads

Group 2: Systematic Approach - Quads

Group 3: Case-Based Approach - Dyads

Group 4: Case-Based Approach - Quads
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The ﬁrst" day Of the sfudy, the participants were givén a card which iﬁcluded fhéir
‘ﬁsername? passwdrd, and collaborative groﬁp number as they/came inté the laboratory. -

- They were then directed to pré-arranged locations in the computer laboratory, which |
ensured that each member of ‘a team was physically separated from his or her partners.
Thi.s/'procedure Wés carried out té prevent verbal or bodily communications between th¢
members of the teams, thus simulating a distance- education environment. At each
station, each participant also had access to a hard copy of the on-screen instructions.
Figure 3 shows the physical layout of the laboratory and some of the participants at their
assigned stations. The participants were verbally instructed to sign-on to the Blackboard
system using their assigned username and password and to navigate to the studS"s web
page. Once everyone was properly logged-in to Blackboard, the researéher told them to
follow the instructions on the screen and informed them that they had until the end of the
class period to work on the program.

The first screen of the web-based program instructed the participants on how to
collaborate with their partners. The instructions reminded them that although they were
answering the questions individually, they would also have a team score. The
instructions explained that a high level of collaboration would result in a higher group
score. At this point the participants were also reminded to concentrate on the first two
assessment scenarios and only work on the last two scenarios if there was time available.
The communication between members of the teams took place using the virtual
classroom feature of the Blackboard system (see Figure 4). This feature allowed students

to chat with their partners by entering a virtual classroom that the researcher set up for



Figure 3. Study participants at their assigned workstations
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- eadh feafn pfior to fhe staﬁ of tﬁe stﬁdy. Each tearﬂ was assigned a di.f'feliéntrvirtual : »
o ) c_laf'ssfoom to p‘reve‘nt»cross-ﬂo_w of iﬁformatioﬁ_ bvetWekeﬁ tearhé. ”The’ré wé’r.e’no e
 interactions between the partiéipants and the reséaféhef and/or ‘ihstructors‘ dﬁﬁng the

study except to ‘re'medvy' any technical difficulties. |

De&igh and Data Analysis | |

| This s‘tudy‘wa:s a pbsttest only 2 (case-Based approach Qs. systematic approach) x
2 (collaborative group size: 2 vs. 4) factorial design. The primary dependent variable was
student performance in solving ill-deﬁﬁed problem scenarios. Tifne on learning task,
time on problem-solving task, number of problems solved, and learner attitudes were also
analyzed. An analysis of the interactions between the members of the collaborative
teams was also conducted.
A 2 x 2 analysis of variance (ANOVA) were conducted on participants' |
‘performance én assessment scenarios one and two, time on learning task, and time on
problem-solving task lwith treatment group and group size as the independent variables.
A Wilcoxon repeated measures test was also performed on problems one and two to
determine if performance was significantly different between the two scenarios.
Descriptive statistics for the number‘of participants who completed bonus problems three
and four were also computed.
An internal consistency of reliability was calculated on the 18 Likert-type items of

the survey. Then, using the procedures outlined in Green, Salkind & Akey (2000), a
factor analysis was conducted to detemine any underlying themes in the survey. The

number of underlying factors was determined using all items with eigenvalues greater



rthan’ one. The factofs wére then rotated using the VARIMAX method in drdef to
| interpret ’th'e results. Th1s method identiﬁes the blm'derlying'themes or fé‘lctors‘ by |
highlighting the items most highly coﬁelated with each otﬁer. | | |
The first factor (“working with dthers”) included items one through fhree. The’
second factor (collaborating on-line) included item‘s four’thro‘ugh six. The third factor
(“instructional materials"’) included items seven through tWelVe. The fourth factor (“time
available for the program”) included items thirteen through fifteen. And fabtor number
five (“transfer of the information learned to other settings™) included question seventeen
and e‘ighteen. Survey item sixteen (“The scenarios in this program were realistic and
applicable to a future Air Force career”) did not correlate with any other question and
was therefore not included in any of the five factors. An average score for each factor
was computed and separate 2 x 2 ANOVAs were then conducted on each factor.
Chi-square tests were cohducted on the multiple-option question:
- When solving complex problems, I prefer to work
a. By myself
b. With one partner
c. With two partners
d. With more than two partners
A two-way contingency table analysis was used to determine if a significant relationship
existed between treatment group and the preferences expressed by the participants.

Additional chi-square tests were conducted by treatment group.
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l f FinaIly, the rriteractioris bet\ifeen members bov_f the teamswerejanalyied usirrg both
‘1 qual_it‘ativevand quantitative analysia techniciues. The in_t_eractions between'team_ rrrembers N «
were automatically recorrled by the Blackboard system. Theee ‘data rvere therl |
- » eategoriZed 'by type of interaction; For exam_ple an entry was classified as a k“q'irestion”,
"‘answer”, “dis'Cussion”’, “encouragement” or “off#taSk behar/ior;;’ Previou'é reSearchers
- have uéed similar categeries irr studies examining small group irlteractions (Klein &
Dorarr, 1999; Klein & Pridemore, 1994; Uribe, et al, in press). A percentage fdr each
eategory was computed and a two-way contingency table analysis was conducted on the
data to evaluate if a significant relationship existed between type of interaction and
treatment group. Follow-up pairwise comparisons were conducted to evaluate the
differences between treatment groups. The Holm’s sequential Bonferroni method was

used to control for Type I error.



Resiilts |
| Perféfmancé by Instructional Method and Group Size

The‘ﬁ'rst _two research questions investigated the effect of inétrqctional method
and group size on performance in solving ill-defined problems".- Table 1 shows the mean
scores and standard deviations for performance on assessment scenarios one and two.
Due to a problem wifh the server hosting the Blackboard program, some of the
performance data were lost resulting in uneven cell sizes. The table reveals thaf on
problem one participants averaged 3.12 out of 8 points -(39%), SD = 1.83, while the
average score on problem‘two was 4.04 (51%), SD = 1.82. A Wilcoxon test conduéted
on ‘th'ese data showed that participants obtained significantly higher scores on problem

two than on problem one, z = -4.0, p <.001.

When examined by group size, participants who worked in dyads had an overall
average of 3.45 (43%), SD = 2.94 on problem one and 4.12 (52%), SD = 1.91 on problem
two. Pafticipants who worked in groups of four had an average of 2.76 (35%), SD = 1.62
on problem one and an average of 3.96 (50%), SD = 1.74 on problem two. The ciata also
show that participants who used the systematic approach had an overall average of 3.07
(38%), SD = 1.83 for problem one and scored 4.28 (54%), SD = 2.08 on problem two.

Participants who used the case-based approach had an overall



Table 1.

* Mean scores and standard deviations for performance on problems 1 & 2
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Instructional Method
Group Size S’YStematicv ' Case-Based Overall

Prob  Prob Prob  Prob Prob  Prob

1 2 1 2 1 2

- Dyads Mean 3.31 4.73 3.56 3.65 345 412
(SD) (1.89) (2.22) (2.02) (1.49) (1.95) (1.91)

n 26 26 34 34 60 60

Quads Mean 286 3.86 2,67 4.07 2.76  3.96
(SD) (1.78) (1.88) (1.47) (1.61) (1.62) (1.74)

n 28 28 27 27 55 55

Overall Mean 3.07 4.28 3.16 3.84 3.12  4.04
(SD) (1.83) (2.08) (1.84) (1.55) (1.83) (1.82)

n 54 54 61 61 115 115

Note. The maximum number of points on each problem scenario was 8
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- avéra{gé of 3.16 (40%), SD = 1.84 on problem one and scored 384 '(4‘.8%), SD =1.550n |
pfo_biém two; | | | o o | |

A2 x 2 AN OVA conducted on the data for probléin oné révéale_d that participants
working in dyads had a significantly hi gher performance score than those Wdrking iﬁ -
quads, F(1,1 1 )= 3.9, p=.05, partiél = .634. ‘There was nbt é éigniﬁéant difference
by instructional method,’ F(1,111) = .01, p = .93, partial n° < .001; and there was ﬁo
significant interaction, F(i,l 11) = .42, p= .52, partial 1= .004. A2x2 ANOVA
* conducted on the data for problem two revealed that there was no significant difference
by instructional method, F(1,111) = .44, p = .51, partial n°= .004, or by group size, |
F(1,111) = 1.65, p = .20, partial n°=.015. The data also showed there was not a
significant interaction present, F(1,111) = 3.71, p = .06, partial n°=.032.

When the scores for problems one and two are combined, the data reveal that the
overall scores for problems one and two was 7.17 (45%), SD = 2.82. Participants who
workéd in dyads scored an average of 7.57 (47%), SD = 2.84, while participants who
worked ih quads obtained an average score of 6.73 (42%), SD =2.75. The results by
instructional method reveal that participants who used the systematic approach scored an
average of 7.35 (46%), SD = 2.76, while participants who used the case-based approach
earned an average of 7.17 (45%), SD = 2.88. ANOVA conducted on these combined
scores did not indicate a significant difference by group size, F(1,111) = 2.89, p = .09,
partial 1°= 025, or by instructional method, F(1,111) =.59, p = 45, partial n*=.005, and

there was no significant interaction, F(1,111) =.67, p = .42, partial 112 =.006.
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Although performance on the bonus problems k(problems three and four) were not |
,1ncluded in the analyses above data were collected on the number of part1c1pants who
completed these problems These data revealed that of the 54 partlcrpants who used the
' systematlc approach 48 (89%) completed problem three and 29 (54%) completed |

, problems three and four. Of the 61 participants who used the case-based approach 46
(75%) completed problem three and 37 (61%) completed problems three and four. The
data .also show that of the 60 participants who u/orked in dyads, 52 (87%) completed
problem three, while 41 (79%) completed problems three and four. Of the 55 participants
who worked in quads, 42 (76%) completed problem three and 25 (60%) completed both
bonus problems.

Time spent on instruction

The next research questions pertained to the effect of instructional method and
/' group size on time spent on instruction. As was the case with the performance data,

intermittent problems with the server caused a loss of some time data. In addition to these
losses due to technical problems, four participants whose times exceeded three standard
deviations from the mean were considered outliers and were excluded from the time-on-
task analyses. The losses and elimination of these data resulted in different cell sizes for
the time-on-task analysis.

The data in Table 2 show that participants spent an overall average of 31.3
minutes, SD = 13.59, on the tutorial. When analyzed by group size, the data revealed that
participants who worked in dyads spent an average of 29.2-minutes, SD = 12.8, while

participants who worked in quads spent an average of 33.7 minutes, SD = 14.1. When



Table2. -

" Mean times and standard deviations for time on the tutorial
Instructional Method :
Group Size S Systematic Case-Based Overall
Dyads ' Mean 28.7 -29.5 - 29.2
(SD) (11.3) (14.1) (12.8)
n 26 34 60
Quads ‘Mean 292 38.2 33.7
(SD) (1.7 (15.0) (14.1)
n 27 27 54
Overall Mean 28.9 334 313
(SD) ~ (11.4) (15.0) (13.6)

n 33 61 114

34



E exammed b)" mstruc’uonal method the partxclpanta who used the systematlc approach

| tutonal spent an average of 28 9 rmnutes SD =11. 4 wh11e part1c1pants who worked ‘
through the case-based tutonal spent an average of 334 mlnutes SD=15.0. A 2 X2
ANOVA mdlcated that part101pants who worked through the c‘ase—ba‘sed tutonal spent -
‘ 81gn1ficantly more tlme on-task than part1c1pants who worked through the systematlc
approach tutorial, F(1,110)=3.87,p= 05 partlal = 03 There was not a significant
difference by group size, F (1,110) = 3.38, p = .07, partial n> = .03, and no significant
interaction was present, 7' (1,110) =2.63, p = .11, partial n2 =.02.

Time spent solving problems

The next research questions pertained to the effect of instructional method and
group size on time spent solving problems. Since the participants were asked to
concentrate on problem scenarios one and two, time data were collected and analyzed for

these two problems. Server problems also caused some of these time data to be lost,

resulting in uneven cell sizes.

Time spent on assessment scenario #1. The data in Table 3 show that the
participants spent an overall average of 9.3 minutes, .SD = 3.0 on assessment scenario
one. The data also revealed that participants who worked in dyads spent an average of 9.0
minutes on the assessment scenario, SD = 3.1, while participants who worked in quads
spent an average of 9.7 minutes, SD = 2.9. Additionally, participants who used the
- systematic approach to solve the problem spent an average of 10.2 minutes, SD=35 ,
while participants who solved the problem using the case-based approach spent an |

average of 8.7 minutes, SD =2.5. A2x2 ANOVA



, Tab_le 3.

. Mean times and ;s'tahdard ‘deviations for time spent on scenario #1
, Instructional Method
Group Size ‘ . Systematic - Case-Based Overall

Dyads Mean 95 - 8.8 - 9.0
S (SD) 4.2) - (23) 3.1

n 17 30 47

Quads Mean 10.9 87 97
(SD) (2.5) (2.8) (2.9)

n 17 20 37

Overall Mean 10.2 8.7 9.3
(SD) (3.5) (2.5) (3.0)

n 34 50 84

35
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iiidicéted i;hé.t part101pants who us_ed ihe S&sieimatiéf approac}i sﬁeni s1gmﬁcantly moré }
'kﬁh’ri_e on the sCeniirié tlian participants who used the éase-liaseii'approa’ch,iF(yl ,’80")>= 4.86;
p= .03, partial ﬁz = 06 There was no sigiijﬁcant difference by'gfouii sizé,-F (1,80) =
1.00, p = 32, partial n*= 012, and no significant inte’racti_on was present, F(l»,8_0) =122,
= .27, partial n2 =.015. It is important to point out that LeVérie;s te_st Aforv homogeneity
of variance yieided a significant result indicating t.he:pb‘sisibilit‘y this jas_‘s'.um;.).tion may
ilave been Violate(i. Theréfére, some caution should be éXercised when interpreting these
data.
| Time spent on assessment scenario #2. The data in Table 4 show that the

participants spent an overall average of 9.5 minutes, SD = 3.9 on assessment scenario
two. The data also revealed that participants who worked in dyads speint an average of 8.5
minutes on the assessment scenario, SD = 2.6, while participants who worked in quads
spent an average of 10.6 minutes, SD = 3.9. Additionally, participants who used the
systematic approach to solve the problem spent an average of 11.7 minutes, SD = 3.6,
while participants who solved the problem using the case-based approach spent an
average of 8.0 minutes, SD =2.4. |

A 2 x 2 ANOVA indicated that participants who used the systematic approach
spent significantly more time on the scenario than participants who used the case-based
approach, F(1,80) =27.9, p <.001, partial n2 =.26. The data also showed that
participants who worked in quads spent significantly more time on the problem than

participants who worked in dyads, F(1,80) = 8.14, p < .006, partial n*=.09. ANOVA
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:bTable4.

Mean times and standard deviations for time spent on scenario #2

: ' Instructional Method .
Group Size Systematic Case-Based Overall

‘Dyads » Mean 9.6 7.9 85
: (SD) 3.2) (2.0) (2.6)

n 14 _ 29 - 43

Quads - Mean 13.1 8.1 106
. (SD) 3.1) (3.0 (3.9

n 21 20 41
Overall Mean 11.7 8.0 9.5
(SD) (3.6) 2.4 (3.9)

n 35 49 84
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39



a0 |
»also-,irvldicat.ed a signiﬁéaht int_eraction:between group'size and instruétional méthod,’
R F(I,SO) = 6'.'83, p = .01, partial n>= .08 (see Figure‘S). F bllbw—up analyses were
.condﬁcfed to evaluate the two simple main effects‘for' instructional method and
collaborative group siéé. To control for Type I error é'cross the simple main effects, I set |
alpha for eaqh test at .025 (..05/2); | The results revealéd a signiﬁcant difference between
participants who worked in dyads (M=9.6, SD = 3.3) and those'who worked in qﬁads (M
=13.1, SD = 3.2) using the systematic approach, F(1, 80) = 12.8, p =.001. The analysis
also showed that for participants who worked in quads, there was a significant difference
between participants who used the systematic approach (A =13.1, SD = 3.2) and those‘:
who used the case-based approach (4 =8.1, SD = 3.0), F(1, 80)=32.5, p <.001. The
analysis did not reveal a significant difference between dyads and quads usihg the case-
based approach, F(1, 80) = .04, p = .852, and there was no significant diffefence between
dyads who used the systematic approach and dyads who used the case-based approach,
F(1, 80) = 3.43, p = .068.

Participant Attitudes

The next research question investigated the effect of instructional method and
group size on participant attitudes. The survey included 18 Likert items, one multiple-
option question and three open-ended questions. The 18 Likert items in the survey were
rated by the participants on a scale from zero to three (0 = Strongly Disagree, 1 =
Disagree, 2 = Agree, 3 = Strongly Agree). An internal consistency estimate of reliability
for these items was computed to be .83. Factor analysis of the 18 sufvey items revealed

five factors or underlying themes in the survey questions. The five identified factors



o

. were ‘éﬂitﬁdes towa;d: 1) WQrking with éthers, 2) Qollabérating‘ okn-‘lin‘cis,j?}) iﬁsﬁuctiohal
- afrr;_aterﬁials,_ll)'t‘ime ava’ijlabk(le for thé prégram, and 5)'transfef( of the inforx;xiatioxi léz;rned to
‘other vsettin‘gs.' Item number 16 in the survey (“The Scenariqé‘iﬂ V'thivs prograin 'Were -
realistic and‘appl.i:cable tb a‘ﬁmne Air F érce ofﬁéér”) d1d not corr_eflat‘e‘ with ény Ot'héf
item ﬁi'the survey and it was not included in any of the ﬁve facfdrs fneﬁtioned above.

" However, it- is important to note that this item was the highést rated item in the surV’ey ‘

: wrch an average rating of 2.61.

- An average rating per factor was computed by summing the scores for each item
in thé factbr and dividing by the number of items. Table 5 shows the results for each of
the five factors for each independent variable. The .data reveal that participants rated
factor number one highest (“working with others™), M = 2.22, SD = .51 and factor two
(“collaborating on-line”) lowest with an overall average of 1.68, SD =.76. A2x2
ANOVA of each factor revealed mixed results. Factor one (working with others) did not
reveal a significant difference by method (#(1,107) = .002, p = .96, partial n®<.001),
group size (F(1,107) = .29, p = .59, partial n*=.003), and there was no signiﬁcant
interaction (F(1,107) = 1.06, p = .31, partial n* = .01). The data for factor two
(collaborating on-line) did not show a significant main effect for group size or
instructional method, but it did reveal a significant interaction, £(1,107) = 7.02, p = .009,
partial n®= .06 (see Figure 6). Follow-up simple main effects analysis revealcd a‘
significant difference between participants who worked in dyads (A/=1.44, SD = .76) and

~ those who worked in quads (M =1.89, SD = .75) using the systematic approach, (1, 107)

= 5.1, p=.025. There were no significant differences for the other simple main



‘Table 5. |
Means and standard deviations for each attitude Survey category |

Systematic =~ Case-Based Dyads Quads  Total

- Attitude Factqr : Approach Approach

(n=56) (n=55) (n=111)

(n=54) (n=57)

| L : Mean 2.22 2.22 2.24 2.19 2.22

1. Working with others "o, 56 46 53 48 51
. . Mean 1.67 1.68 1.64 1.72 1.68

_line* :

2. Collaborating on-line SD 78 74 79 73 76
3. Instructional Mean ©1.95 193 196 192 1.94
materials SD .53 44 .56 41 .49
4. Time available for Mean 2.06 1.96 2.13 1.89 2.01
the program** SD .58 Y .55 58 .58
fnfgéxff:; ‘l’ef;rhrfe g Mean 217 203 205 215 2.09
~ SD A48 .53 .58 42 .51

other settings.

Note. Responses were on a scale of 0 to 3 where 0 = Strongly disagree, 1 = Disagree, 2 =
Agree and 3 = Strongly agree. * Significant interaction, p = .009, **Slgmﬁcant main

effect by group size, p = .026
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éffeéts comparisons‘. _‘Fact(’)r'three (instructional materiais) did not indicate asigniﬁcant
difference by i’nStI"vllCtiOl'lél’ ﬁiéthod (Fi (1,107) = .332>, p= .56, partial g = .003)', by group : ‘
siée‘(F(1,107) = .317,p = .58, partial n®=.003) or a significant interactioﬁ (F(L107)=
176, p = .675, partial n2'= .002). F actor four (ﬁme available for the program).s indicated a
sigﬁiﬁca'nt‘ m-élin‘ effect by group size, F{( 1,107) = ‘5.‘09, p= ;026, partial n*=.05. Thefe
was no significant difference by instructional method (F(1,107) = 1.01, p = .32, partial "’ |
=.01), or a significant interaction (#(1,107) = .37, p = .55, partial n°=.003). Finally, the
analysis for factor five (transfer of the information learned to other settings) did not
indicate a significant difference by instructional method (#(1,107) = 2.01, p = .16, partial
n®=.018), by group size (F(1,107) = .99, p = .32, partial n®=.001), and there was no
significant interaction (F(1,107) = .18, p = .68, partial nz% .002). |
Participant Preferences. The attitude survey also included one option question
that asked the participants to choose a preference when solving complex problems. The
choices were:
a. By myself
b. With one partner
c. With two partners
d. With more than two partners
Table 6 shows the choices made the participants by treatment group. The data are also

graphically depicted in Figure 7. A two-way contingency analysis of these data indicated



Table 6. |
Participant preference when working on complex problems by Ireatment group

_Treatment Group

Preference _ .”Sy'sfemk - System Case-Based Case-Based: TOtal ‘
, ' “Dyads Quads Dyads - Quads (%)
Alone 3 3 4 2 12
‘ (11%)
With one partner 11 9 12 7 39
: (35%)
With two 8 9 9 10 36
partners (33%)
With more than 3 7 5 8 23
two partners (21%)
Total 25 28 30 27 110
(%) (23%) (25%) (27%) (25%) (100%)
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a non-s1gn1ﬁcant relatlonshlp between treatment group and preference x (9 N*l 10) =

.4, 6 p 87 Cramer s V'=0.12. When the preference data is analyzed for all part1c1pants

| regardless of their treatment group, the results show that of the 1 10 part1c1pants who ,‘

answered this question, 12( 1 l%) indicated a preference to work alone, 39 '(3 5%) -
l'indicated a’preference to work with one partner, 36 (33%) prefer to work with two ‘
' 'partners, and 23 (21%) indicated they prefer to work with more than twe | partners when
solving complex problems, ¥*(3, N=110) = 17.6, p = .001, effect siae =+0.16.

- Problem-solving process used by the participants. Prior to the treatment the

participants were given a simple problem scenario and were asked to state the process
they would use to solve it. The responses indicated that 91% (118) of the participants did

not know a process or heuristic to solve ill-defined problems. Some of the answers

included:

e  “None”

o “I'would have a talk with the player”

. | “I would first attempt to talk to the team”
After the treatment, the participants were asked to state the process they used to solve the
problem scenarios. When the responses to this question are analyzed by instructional
method, the data show that 51 out of 60‘ participants who learned the systematie approach

indicated they used the approach they learned in the tutorial to solve the problems. Some

examples of the responses are:
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| o 1) Evaluated the problem; 2) ackhowledged whb wé.§ involved; 3)‘de.fermi'ne‘d '
- any constraints; 4) brainstoriﬁed until a good solution camé to mind thét fit with
| in t‘he constraints.” | “
o “We é’etermined the people 'involved, deiehﬁz‘hed the goal, tﬁeﬁ' féuﬂd solutions,
- taking into consideration any obstacles.”
o “Determine the people involved. Determine the problem. Determine any
obstacles. Prepare a possiblé solution”
Of the 60 participants in the case-based approach who responded to this question, 39
indicated they used a step-by-step process to solve the problems. -Some of these
responses included:
o “F ind the problem -ask question and become as knowledge[sic] as possible on
the subject and relative things. -come up with possible solutions -choose the best
solution or solutions.”

o “Identified the problem, evaluated the possible solutions, then chose the best

bed

one.
o  “Figure out problem--dz'scu&s problem with pdrtner-—come up with new ideas
base‘d on partner’s responses--answer problem.”
e “Read the problems. 2. Came up with solutions on my own. 3. Discussed
possibilities with team. 4 Picked the best solution.”
Open-ended questions about the program. Table 7 shows the top three responses

by instructional method to the open-ended questions “What did you like best about the

program?” and “What would you do to



Table7.

" Responses to attitude survey open-ended questions by instructional method

‘Instructional Method

improve the program?

make the assessment
scenarios more
complex, improve the
navigation, more
practice, etc.)

(n=21)

Allow more time to
complete the program.
(n=28).

Use a different medium
for communication

between team members.

(m=4)

Question - - Systematic Approach - - Case-Based Approach
- What did you like best 'The realism of the e Working with others.

about the program? problem scenarios. (n=22) .
(n=24) o The realism of the
The instructional problem scenarios.
materials. - (n=18)
(n=21) e The instructional
Working with others. materials.
(n=13) (n=11)

What would you do to Improve the tutorial (i.e. e Improve the tutorial (i.e.

make the assessment
scenarios more
complex, improve the
navigation, more -
practice, etc.)

(n=20)

Allow more time to
complete the program.
(n=12).

Use a different medium
for communication
between team members.
(n=7),
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~improv§ fhe progﬁn?” The ‘data show that the fop respbnse for what k_parti_cipants: liked
beSt in thé_ systematic épproach tutorial was the realism of the assessfnént scéﬁarios,
while the pafticipants in the case-based approach tutorial feit working w1th others was}the
best thing aboutlthe program. The table also shows that panicii)ants rin both instrucﬁoﬁal -
methods felt cﬁanges to the instructional program were the best way to irﬁprdve the
program. These changes included making the assessment‘scenarios more cbinplex,
édding additional practice and feedback, and improving the 'navigation throughout the
tutorial.

Learner-to-Learner Interactions

The last research question dealt with the effect of instructional method and group
size on the type and quantity of communications between team members. The data ih :
Table 8 show that there were a total of 3,665 communications between members of the
groups. These communications were categorized into one of five possible categories: 1)
questions, 2) answers, 3) discussions, 4) encouragement, and 5) off-task. The data show
that 17% were "questions", 16% were "answers", 59% were "discussions", 3% were
“encouragement” and 5% were "off-task" entries.

A two-way contingency analysis of these data revealed that treatment group and
communication category were significantly related, x2(12, N=3665) =62.8, p <.001,

" Cramer’s V= 0.08. Follow-up pairwise comparisons were conducted to evaluéte the
differences among the four treatment groups. The Holm’s sequential Bonferroni method
(Green, et al., 2000) was used to control for Type I error at the .05 level across all six |

comparisons. The data in Table 9 shows that three comparisons (system-dyads vs. case-
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Table 8.

- Participant communications by treatment group and interaction categorj) -

Treatment Group o
Communication System System Case-Based Case-Based  Total

- Category Dyads  Quads ‘Dyads Quads (%)
Question 163 - 142 - 184 - 118 607
S (17%)

Answer 153 129 179 108 569
(16%)

Discussion 558 528 724 370 2180
(59%)

Encouragement 23 26 79 9 137

(3%)

Off-Task 64 45 35 28 172

(5%)

Total 961 870 1201 633 3665

(%) (26%)  (24%) (33%) (17%)  (100%)
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dyads, system-qﬂads vs.ca'sek-dyads,‘ and case-quads vs. cése—dyads) of the total number

of communications were found to be significant.



i "fable 9

Results for the pairwi;se comparisons using the Holm’s sequential Bonferroni method

Required p- |

System-Quads

v -Pearson ‘ R =
Comparison - Chi- p-value.  valuefor  Significance - Cramér’s V
, » : - Square - significance L 2
~ Case-Dyads vs. - ' : o -
Case-Quads 29.9 <.001 .008 * 13
Systém—Dyads Vs. *
Case-Dyads 37.9 <.001 .01 13
System-Quads vs. , " ,
Case-Dyads 19.8 .001 0125 .10
System-Quads vs.
" Case-Quads 6.9 14 0167 NS .07
System-Dyads vs. A
Case-Quads | 6.0 197 025 | NS .06
System-Dyads vs. 33 51 .05 NS .04

Note. * Significant Comparison




Discussion

Performance by Instructzonal Method and Group Size

The purpose of this study was to investigate the effects of 1nstruct10nal method
and computer mediated collaborative group size on learner performance in solving ill- -

defined problemé. Overall, participants performed significantly better on problem two

than on problem one. There are two possible reasons for this result. F irst, it is likely that
problem one provided the participants additional practice, which improved their
performance on problem two. It is also possible that problem two was easier to solve
than problem one. Although both problems dealt with junior officers facing a decision-
making dilemma, the éharacteristics of problem one made could have made it more
difficult for the participants to solve.

Separate analyses of the probléms indicated that participants who worked in
- computer-mediated collaborative dyads performed significantly better than did
participants who worked in computer-mediated collaborative quads. This ﬁndihg
supports previous research that showed dyads perform better than larger groups ( Johnson
& Johhson, 1988; Lou, et al., 2001; Collins & Onweugbuzie, 2000). However, in thisA
study dyads performed signiﬁcahtly better only on problem kone. The ‘fact dyads‘
interacted more than quads throughout the study may have contribured to this result.
Although all participants were able to discuss the problem and rélated information with

others, the results seem to suggest that participants who worked in dyads extracted more
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berleﬁt from tlrese leerner;to-learner mteractrons than part1c1pants who worked in t;uads
Whrch pos1t1vely affected thelr performance on the more oomplex task L

The finding that a higher le\rel of collaboration results in better perfomiahee is
supported by ﬁndings from othe_r studies where partieipants worked ina collaborattve
leéming environnrent (Chang & Srnith, 1991 ;-Flynn & Klein, 2001;‘Johnso'n & Chung,

-1999; Johnson et al., ‘1991; Mergendol_leret al., 1999; Uribe, et al.,i in’pre_ss). The amount
of comrnunieation between members of dyads when compared to those of quads seems to
support the hypothesis that more communication between team members resulted in
better performance on problem one. The analysis of the team interactions showed that
dyads had a higher number of communications than participants who worked in teams of
four. This higher number of communications may have led to the generation of a higher
number of possible solutions, and ultimately to better performa.nce on problem one.

The quality of learner-to-learner interaction may have also led to better
performance by participants who worked in dyads over those who worked in quads. An |
informal qualitative analysis of the interaction data conducted by the researcher seemed
to indicate that participants who worked in dyads had higher-quality interactions than
those who worked in quads. The exchange of ideas and information between members of
dyatls appeared to probe deeper into the problem? thus generating better possible
solutions; whereas the interactions between rnembers of quads seemed to be superficial,
lacking depth and insightfulness. The examples below show a sample interaction for a

- quad and a dyad when solving problem scenario one. These examples are representative

of the interactions observed during the study.
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‘Quad example: -

Student 1 > we are doing #1 right?
Student 2 > yeah '
Student 3 > right
Student 4 > si
“ Student 1> good, i [sic] am ready
Student 4 > me too
Student 2 > let's do it then
Student 2 > what's our solution? -
Student 2 > take away the other flight and remind the flight that we have
to get on board?
Student 3 > Bust there [sic] chops.
Student 1 > make them pack,
Student 1 > that too,
Student 4 > make them pack
Student 1 > get rid of the other guys

Dyad Example:

Student 1 > ok, I'm starting on the first one

Student 2 > ME TOO ‘

Student 1 > what do you think?

Student 2 > i [sic] think that b-flight needs to get out of there

Student 2 > but, in the scenario, we're only an [sic] It and the b-flight com

isa
caplain

Student 2 > so that could pose a problem

Student 1 > good point

Student 1 > but I think the mission is more important so we should have
them pack and then they can chat with bflight

Student 2 > i agree

Student 1 > is that our solution then?

Student 2 > well, how do we get them to pack

Student 1 > we order them to

Student 2 > right, but they will still be distracted by b flight

Student 2 > so, i think we should order our troops to pack (direct order)

- Student 1 > we need an incentive to pack

Student 2 > and make it very clear to the captain that we want his flight
out of there until we're done

Student 1 > ok
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N Wh‘ilek groﬁp size had a signiﬁcanf effeét on f)erformancé; iﬁs;cfuCtibnaI method -
d1d not. There ar"evtwo,possible reasons fdr thls rééuli. 'First,' the paﬁiCiéants_ \;vhé wbrkéd' '
through the case-based apprOach appeared to have a;:quired a heﬁﬁStic fhét théy‘ were -

| abie to app_ly to the pfo__blem ’scenari‘os. The results s_how_ that part1c1pants in both | |
 instructional methods used a process to solve the problems. Most péﬁicipants_'in the

| systematic approaiéh group iﬂdicatéd they used the 4-step process. they learned in the
tutorial, vs}hile about 65% of the participants in the case-based approach used a three-step
heuristic similar to the one learned by the participants in the systematic approach. This
seems to support the notion‘ that when learners are faced with a problem situaﬁon, they
develop a mental model that can then be applied to similar situations (VanMerrienboer, et
al., 2002) The fact that both treatment groups applied a step-By_—step approach to solve the
problems may have equalized their performance on the assessment scenarios.

Another reason for the non-significant finding may have been that the time
limitations imposed on the study weakened the instructional programs. The survey
results show that students felt they could have benefited from additional practice,
additional examples and, perhaps most importantly, additional time. It is important fo
point out that the original instructional programs were shortened after two fonnative
evaluations showed both programs would take longer than the time available for this
study.

These reductions to the instructional programs may also have led to the overall
poor performance by both treatment groups on the problem scenarios. Participénts spent

an overall average of 31.3 minutes on the tutorial, 9.3 minutes on problem one and 9.5



. mmutes on problem two. Although poor performance on problem-solvmg tasks has been
. ev1dent in similar studles (Flynn & Klem 2001; Urlbe et al in press), the short amount

: ;of time spent on instruction and a reduced set of practrce scenarios may have contributed
to lower performance scores in this study. | |
Time Spent on ‘Instruction'

The results for time spent on instruction revealed that ’parti‘cipants who used the
case-based tutorial spent significantly more time on instruction than participants who
used the systematic approach. Case-based participants may have spent more time on the
learning task because of key differences in the two instructional programs. In the
systematic approach participants were taught each step of a problem-solving process, and
then were directed to use each step in a practice scenario. Conversely, the case—based
approach program was designed to allow the participants more opportunity to reflect on
the prohlem scenarios and to formulate alternative paths to a best possible solution. This
' difference in the teaching/learning approach may have had an impact on the time spent on
the tutorial.

Another explanation may be that the participants in the case-based approach spent
more time on instruction because of the increased cognitive load of developing a heuristic
or mental model that could be applied to other similar problems (V an Merrienboer,
2002). Participants who learned the systematic approach learned a heuristic directly from

the instruction, and therefore did not have the additional mental burden of formulating a

step-by-step approach.



" Time spent solving problems

In contfést to the results for .ti,r‘n_e ‘épént én iiisffuction, pérticipants Who used the |
| systematic approadh spent more time solving the problems than did particillaax‘xtsinb -the
caseébased approach. Participants who used ‘the systemafic apbr_oaph fnay have spent ,’
mofe time méthodibally apﬁlying the sfeps (;f the pf'oblem-solviﬁg process tQ solve the
scenarios. Although pai'ticipants in the case-based approach also used a heuristic to solve
the problems, most appeared to have used a two or three-step process rather than the full
four-step procéss used by the systematic-approach participants. This may have
contributed to the difference in the time spent solving problems.

However, the results for time spent solving problem two were different than the
results for problem one. In addition to the significant difference betwéen participants in
the systematic approach and the case-based approach for time spent on the prbblem,
problem two exhibited a significant interaction between instructional method and group
size. The data show that quads who used the systematic approach spent sigm'ﬁcantly
more time on the problemvthan did quads using the caée-based approach. However, there
was no significant difference between dyads who used the systematic approach and those
who used the case-based approach. Quads who used the systematic approach may have
spent more time on the problem because applying a more s'truc“[ured process to solve the
problems required additional coordination than applying a more open-ended case-based
approach.

In addition to the higher degree of coordination required to apply a systematic

approach to solve problems, confusion arising from synchronous computer-mediated
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conimuniéation in large gfoﬁps might have also contributed to thesé resﬁlts. An i'nformal‘
' ‘qualitative énélyéis of the data indicates tﬁat participaﬁts whé wbrked in quads

expérienced some conﬁsion during the communication process. The larQer number of |
team members in the ciuads might have been a factor 1n creating a confusing 'lea‘rning |
’envbironment. This is in line with other research that has shown 1aréer groups’rhay require
a mdderéfor to be effective (McIsaac and Ralston, 1996). The attempt to apply a more
structured apprdach in this somewhat disorganized communicationb environment may
have led quads to spend more time solving problem two than participants working in
dyads. The example below shows a typical exchange between four n:iembers of a quad
where the conversation seems somewhat disjointed:

Student 1 > hey guys

Student 2 > yeah

Student 2 > sounds good

Student 1 > 1 just read that thingy

Student 3 > what thingy

Student 2 > are we "ready to answer the questions"?
Student 1> sure

Student 4 > yes

Student 3 > you guys done with that

Student 2 > with what?

Student 3 > with those answers

Student 2 > not yet
Student 4 > yes

The data for number of participants who completed bonus problems also appears
to indicate quads may not be an ideal grouping when working on complex problems. The
results show that participants who worked in quads in both instructional methods were

less likely to complete both bonus problems than were participants who worked in dyads.
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1 Partzczpant attitudes
. . In géngral, participants indicated a preferei;’ce f(}k)r> working cqllébdratively. The o

data _spéciﬁcall& show that a majority of participants prefer to work w1th Qrie or two

_partners when solving ill-defined problein_s_. Othe; géSgarch ha‘s'al‘so‘ shown a prefererice ’
by Ieamérs to work in collaborative environments (F lynn & Kléih,' 2001, Johnéon et»al.,
1991, Lpu et._bal., 2001, Uribé, et al., in press). H@wever, cdllabofating 6n—ﬁne waé fatéd
lowest (1.68 out 3.0) by the participants indicating that learners did nbt neceséarily enjoy
collaborating using a text-based system. This supports other research, which found that
participanfs did not enjoy on-line collaboratio‘n due to the difficulties of communicating
via a computer (Uribe, et al., in press).

However, participant attitudes toward collaborating on-line were not constant
across the instructional methods. Participants who worked in quads and used the
systematic approach liked collaborating on-line significantly more than dyads who used
the systematic approach; whereas, there was not a significant difference between dyads
and quads who used the case-based approach. Since dyads appear to have attempted
more in-depth discussions of the problems, they may have felt more frustrated attempting
to collaborate in a more structured environment. However, participants who worked in
quads did not experience the same level of frustration using the systematic approach
because their communications remained at a superficial level.

The survey results also show that the participants enjoyed the Internet-based
learning materials. The instructional materials were listed as one of the top three things

participants liked best in both instructional methods. This finding supports other research



6

where student attitudes toward weB—based instruction have Been found to‘"b‘e ﬁositivg

(Ac‘l’els‘.kold,‘v 1999; M@Isaac & Ralsfon, 1996; Savenye, 2001; Uribe; et"al'.,' in press). ‘The

~ realism of the problem scenarios, cited by a large‘ number of participants as scr)mething‘
thgy liked beét about the entire program, could have also contributed to participant

: eﬁjoyment of the‘learning materials.

| The attitude survey also attempted to gauge the learner perceptions onkthe
applicability of the problem-solving skills learned to other settings. The results indicated
that most participants agreed that what they had learned in this study would transfer td
other situations. This is in line with similar studies that have found a positive attitude
towards transfer of problem-solving skills to similar situations (Uribe, et al., in press).
Participants felt they would use this process in their professional lives because the
problems they faced in the study were directly related to their future career as Air Force
officers. Additional evidence that supports this hypothesis is that the highest rated survey
item dealt with the realism and applicability of the scenarios to an Air Force career.
Learner-to-Learner Interactions
The analysis of the learner-to-learner interactions showed that the number of

communications in each category varied significantly as a function of treatment group.
Results revealed that participants who worked in case-based dyads had significantly more
communications than the other treatment groups. These data also suggested that dyads
collaborated more than quads in both the systematic and case-based approaches. This
additional collaboration might have been a factor in dyads performing better than quads

on problem one. This finding is in line with the results found by Uribe, et al. (in press),



E “v(}»he‘re 4ir‘1c'1‘reased cOilaboraﬁOﬁ difectly contribﬁted to 5¢ttef_ pei‘formancye when sqlVing il
- 'déﬁned pfoblems. . | | | |
The majority of communications that took place bétweén'team members bwerbc '
rélated to the task. Tlilesve resillté also show thatvover half of thekcomrhuni‘c'atiq‘ns were
cétegorizéd as “di'scuésibn,” indicating that the participanté in all treatrﬁént gréups were
| activély engaged in discussion of the problem or related information. This ﬁnding
supports other research wheré a collaborative learning environment produced }a high
percentage of on-task interactions (F lynn & Klein, 2001; Klein & Doran, 1999; Sherrﬁan
& Klein, 1995; Uribe, et al., in press).
| Implications
This study has clear implications for the design and delivery of distance learning.
The study indicates that grouping leamers into dyads instead of quads maybe a better
strategy when learning and applying problem-solving skills in a web-based environment.
When time-on-task data and number of problems completed is considered in conjunction
with performance and group interaction data, findings seem to suggest that dyads are a
more efficient grouping than quads. The results show that dyads comrhunicated more,
spent less time-on-task, completed more problems and performed better than quads on
one of the problem scenarios.
The study also suggests that a computer-mediated environment is conducive to
| collaboration. The high percentage of on-task interactions indicates that computer-
mediated collaborative learning should be considered when high-interactivity and

‘exchange of ideas is a major component of a distance learning program. But while
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i 'lea’rne‘rs appearkto eﬁj dy Working together when solvihg COrﬁplex problems, iﬁétru@tidnal
designers and instructo‘rs‘ should keep in mind that Coilaborating using text-based
communications appeé.rs to have some drawbacks. Additional timé sﬁould be factored |
~ into any program“ to alIb’W the learner ample time for commum'catiori. |

| The findings of this study alSQ ind_icate that the éystematic approéch and the case-
based approach may be equally effectivé for solving ill-déﬁned pfoblems. Some of the
evidence indicates that the case-based method may be a better approach if a goal of the
learning program is for the learner to develop his or her own rules-of-thumb of heuristics
for problem solving. But regardless of mefhod used, the findings clearly suggest that
learners enjoy scenarios that closely match the “real world.” If possible, problem |
scenarios representative of the learner’s future profession should be used when tegching
how to solve ill-defined problems.

Further Research

| The results of this study suggest other areas that could be addressed by additional
research. The likely interdependence of the dependent measures 1n a collaborative
environment should be explored. Alternative statistical analysis teghniques, such as the
Hierarchical Linear Model, could be used to avoid the potential pitfalls of violating the
independence of scores assumption of ANOVA.

Different computer-mediated collaborative group sizes should be explored to

determine an optimal size. Although this study indicates that dyads may be more
effective than quads, additional research should investigate alternative group sizes. This

study seems to indicate that as group size increases, the efficiency of the group decreases.



o Research iﬁfo othgr gfoubings ééuld ‘y"ield"data thatcéuld be uééd to conﬁrrh thJS ﬁndirig'

“and toldeVélc;p a prediction modél for the éffect of group size on perforn{énée '\;vhven |
solving ill-déﬁned problems. |

The ihstructibnal methods used to teach problem solving cQuld also benefit from_

édditional reséar’ch. | _Variations of the ‘systemétic and case-bé‘séd ’strategies‘ for pfoblém |
solving should Be’ éxplored to detefmine the bést appfoach for Speciﬁc problem-solving
tasks. It would be useful for instructional designers and practitionérs to4kn‘ow if é |
particulai approach is better suited for certain types of tasks in a computer-mediated
collaboraﬁve environment. For example, the ill-defined problems identified by Jonassen
(2000) such as decision-making, strategic performance, case analysis and design
problems could be examined. Also, specific characteristics of each approach, such as
number of steps in a systematic approach or types of thought-provoking questions in the
case-based approach, could be manipulated tb determine their effects on performance.
Research on the different facets of computer-mediated collaboration should help us

- identify the most effective instructional practices to effectively promote the learning of

problem-solving skills in a web-based environment.
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APPENDIX B

INSTRUCTIONAL PROGRAM - CASE-BASED APPROACH
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APPENDIX C

ASSESSMENT SCENARIOS
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PROBLEM SCENARIO #1-
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To provide your answer, click
on the "BACK" button on your
web browser and click on
"TAKE QUIZ" under Problem #1.
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PROBLEM SCENARIO #2

Hacromedia Flash MX [ problem 2}
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Hacrometdia f last WX | protilem 7]

To provide your answer, ¢lick

on the "BACK" button on your
web browser and click on

"TAKE QUIZ" under Problem #2.
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PROBLEM SCENARIO #3
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To provide your answer, click
on the "BACK" button on your
web browser and click on

TAKE QUIZ" under Problem #3.
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PROBLEM SCENARIO #4




romedia flash MX {prablem, 4]

To provide your answer, click
on the "BACK" button on your
web browser and click on
"TAKE QUIZ" under Problem #4.
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SCORING RUBRIC
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APPENDIX E |
PARTICIPANT SURVEY




PARTICIPANT SURVEY |

‘We are conducting thls survey to get your perceptlons about the Problem Solving
program you just completed. Your honest feedback will help us determine areas for
improvement. Please rate statements 1-18 below using the following rating scale:

SD - Strongly Disagree D- Dlsagree A- Agree

120

SA - Strongly Agree

1 I enjoyed working with other people on the program. |SD . D A SA
2. The program was easrer to do because I worked with  |SD D = A SA
other people.. ' ST

3. Working with others helped me do better on the SD ' D A SA
program.

4. I liked communicating Wlth my team using the SD D A SA
computer. ‘
5. Collaborating with my team using the computer was SD D A SA
easy to do. :

6. Collaborating with my team using the computer was SD D A SA
just as effective as if [ was talking to them face-to-face.

7. Ilearned a lot from the tutorial. SD D A SA
8. The tutorial prepared me well to solve the problem SD D A SA
scenarios. :

9. My team and I used the information we learned on the | SD D A SA
tutorial to solve the assessment scenarios.

10. Overall, the tutorial was a high-quality product. SD D A SA
11. Iliked having an “animated” cartoon teach the SD D A SA
tutorial.

12. The tutorial’s graphics and animations helped me to | SD D A SA
understand difficult concepts.

13. The time allotted for the tutorial was just about right. | SD D A SA
14. My team and I had enough time to solve all the SD D A SA
problem scenarios.

15. The time allotted for the entire program (tutorial and | SD )] A SA
assessment) was just about right.

16. The scenarios in this program were realistic and SD D A SA
applicable to a future Air Force officer.

17. I feel better prepared to solve everyday problems SD D A SA
after doing this program.

18. The problem solving skills I learned in this program | SD D A SA

will help me in my Air Force career.

ADDITIONAL COMMENTS ON NEXT PAGE




e 19 - When sqlvirig :complex prdblems? I prefer to Work:

By myself.

With one partner.

‘With two partners. -

With more than two partners.

po o

20. Please write down the general steps that you followed to solve the assessment
- problem scenarios. : ' o - - »

21. What did you like best about the Problem Solving program?

22. What would you do to make this program better?




- APPENDIX F

PRE-TREATMENT INSTRUMENT
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PROBLEM SCENARIO

“You are the captam of your hlgh school soccer team and you have notzced
~ that the younger members of the squad are being disrespectful to the coach
‘behind her back.  This attitude is starz‘mg to affect the dzsczplzne of the team

and the performance on the f eld...

: v‘In the space below, brlefly explam the PROCESS 'you would fOllow to solve the
problem. (NOTE: Do not provide a solution; just descnbe the process you would
use.) ,




~ APPENDIX G
RECRUITMENT SCRIPT
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CLASSROOM RECRUITMENT SCRIPT

' “GOOD MORNING (AFTERNOON) MY NAME IS DANIEL URIBE |
AND I AM CURRENTLY A STUDENT AT ARIZONA STATE |
UNIVERSITY PURSUING A PHD IN EDUCATIONAL TECHNOLOGY. |

THE PURPOSE OF MY VISIT TODAY IS TO ASK FOR VOLUNTEERS 7

‘TO PARTICIPATE IN A STUDY THAT I VVILL BE CONDUCTING _
OVER THE NEXT TWO LESSONS. THE PURPOSE OF THE STUDY IS
- TO INVESTIGATE THE EFFECTIVENESS OF TWO DIFFERENT
TEACHING METHODS ON THE ABILITY OF STUDENTS TO
RESOLVE ILL-DEFINED PROBLEMS IN A WEB BASED

ENVIRONMENT.

THE STUDY WILL TAKE PLACE DURING TWO CLASS PERIODS
AND WILL REQUIRE THAT YOU GO TO THE LANGUAGE
LEARNING CENTER (LCC) TWICE. AT THE LCC YOU WILL FIRST
WORK THROUGH AN ON-LINE TUTORIAL ON PROBLEM
SOLVING. AFTER THE TUTORIAL YOU AND YOUR TEAMMATES
WILL BE GIVEN SEVERAL PROBLEM SCENARIOS TO SOLVE
WHILE COMMUNICATING ONLINE. AT THE END OF THE STUDY,
YOU WILL ALSO BE COMPLETING A SHORT SURVEY ABOUT THE

PROGRAM.

IT IS IMPORTANT FOR YOU TO UNDERSTAND THAT
PARTICIPATION IN THIS STUDY IS STRICTLY VOLUNTARY. YOU
WILL NOT BE PENALIZED IN ANY WAY FOR NOT PARTICIPATING
AND YOU CAN CHOOSE TO CEASE YOUR PARTICIPATION AT
ANY TIME WITHOUT RETRIBUTION. IF YOU DECIDE TO
PARTICIPATE THE TOP TEAM IN EACH GROUP AND THE TOP
INDIVIDUAL SCORER WILL BE TREATED TO DINNER AT A
POPULAR LOCAL DINING ESTABLISHMENT. ARE THERE ANY

QUESTIONS?

I WILL NOW DISTRIBUTE THE INFORMED CONSENT FORMS AND
THE PARTICIPANT’S BILL OF RIGHTS. PLASE READ THE BILL OF
RIGHTS AND THE INFORMED CONSENT FORM CAREFULLY. IF




"~ YOU AGREE TO PARTICIPATE IN THIS STUDY PLEASE SIGN THE
: INFORMED CONSENT FORM AND PASS IT FORWARD » :

| [PAUSE WHILE THE CADETS READ THE FORMS AND SIGN THE
ICD] | | |

“THOSE OF YOU WHO AGREED TO PARTICIPATE WILL RECEIVE

A COPY OF THE INFORMED CONSENT FORM WITH ALL OF THE |

- APPROPRIATE SIGNATURES PRIOR TO THE START OF THE
STUDY. THANK YOU FOR YOUR TIME THIS MORNING

(AFTERNOON) AND HAVE A GOOD DAY.”



APPENDIX H

© SUBJECT’SBILL OFRIGHTS
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-Research Subject’s Bill of Righlfsl

"The USAF A Instltutronal Revrew Board believes that personal concern for each sub] ect’
welfare is indispensable to the quest for knowledge. The most 1mportant person in
medical or behavioral research is the subject. The research subject is the essential
element without whom health, disease or behavior could not be observed and response to
treatment or situations could not be measured. : : o ‘

The obhgatlon to protect human subjects apphes to research conducted using Department
Of Defense (DOD) facilities or property, supported with DOD funds, or performed by
DOD employees or contractors. If you are asked to be a research participant, you should
know the requirements for protecting your rights to information, privacy and well-being.
The rights below are the rights of every person who is asked to be in a research study.

The right to
1. considerate and respectful treatment as a research subject and information on who to
contact if I think I am not being treated appropriately.

2. know, by name, the researcher/care provider responsible for coordinating my
activities/care.

3. be told how and why I was chosen for the study.
4. be told what the study is trying to find out.

5. be told what will happen to me and whether any of the procedures, drugs, or devices
is different from what would be used in standard practice.

6. be told about the frequent and/or important risks, side effects, inconveniences, or
discomforts resulting from the things that will happen to me for research purposes.

7. be told of other choices I have and how they may be better or worse than being in
the study.

8. be told if I can expect any benefit from participating, and, if so, what the benefit
might be.

9. be allowed to ask any questions before agreeing to be involved and then during the
course of the study.

! This bill of rights has been adapted from similar documents developed by the American Hospital
Association, the University of California at San Francisco and the Office of Energy Research.
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10, refuse to partlcrpate at all or to change my m1nd about part101pat10n after the study is
~ started and to be told who to contact to terminate my part1c1pat10n This decision
w111 not affect my nght to receive the care I would recelve if I were not in the study.

11. be free of pressure when consrdenng whether 1 wish to agree to be in the study or
where to get help if I thmk I am belng pressured to partlcrpate ina study ‘

T 12 be told what sort of medlcal treatment 1s avallable 1f any comphcatlons arise.

o 13 expect that all commumcatlons and records pertalmng to thls research will be
treated as conﬁdent1a1 to the extent perm1tted by law : ‘

14. know in advance how much time commitment is necessary for involvement in
research.

15. receive a copy of the signed and dated consent form.

If T have other questions I should ask the researcher. In addition, I may contact the
USAFA Institutional Review Board (IRB), which is concerned with protectlon of
~ volunteers in research projects, at (719) 333-2587. ,




APPENDIX I

INFORMED CONSENT DOCUMENT
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DEPARTMENT OF THE AIR FORCE
* Department of Foreign Languages
USAF ACADEMY, COLORADO, 80840

Prwacy Act arid Freedom of lnformatlon Act :
| understand that records of my participation in this stuidy may only be‘released in accordante wnth federal law The Fregdom
_of information Act, 5U.8.C. 552, the Federa! Privacy Act,. SU. S .C. 5624, and their lmplementmg regulaﬂons may apply.

) TITLE OF STUDY
The effect of instructionallfnethod and computer-mediated collaboration oh performarice reéijing ili-defined problems.

PROTOCOL NUMBER FAC2002013 DATE STUDY APPROVED 28 June 02 DATE ICD APPROVE 28 June 02

INVESTIGATORS' NAME(S), DEPARTMENT({S), PHONE NUMBER(S)

Lt Col Richard Sutherland, DFF, x3820
Maj Dan Uribe, PhD Candidate, Arizona State University, (480) 759-4786

PURPOSE OF STUDY

| understand that [ am being asked to participate in a research study. The purpose of the study is to determine if teaching
students how to solve problems systematically (i.e. step-by-step) is any better than teaching students how to solve problems
through the use of case studies. There will be approximately 200 cadets participating in the study, which wilt take place over
two 50-minute class periods.

PROCEDURES

Approximately 1 week prior to the study, | will receive instructions on how to fog-in to the Blackboard system. At that time |
will also receive general instructions on where to go on the day of the study. On the day of the study, | will be directed to a
workstation in the Language Learning Center and will follow the instructions that will be displayed on the screen. At the end of
the computer-mediated program, | will complete an attitude survey to collect information about my atlitudes toward the
instructional program, working in groups and transfer of the information learned. My personal information will be stored in the
DFF server and will be password protected. This personal information will only be accessed by the primary and associate
researchers. Any identifiable information will be destroyed once the data analysis is complete.

BENEFITS

{ understand there are direct benefits from my participation in this study. if | am a member of one of the top teams or if | am
the top individual scorer, | understand | will be treated to dinner at a popular focal dining establishment.

| understand that an alternative to participation in this research is to not participate.

RISKS/INCONVENIENCES

| understand there are no risks associated with this study. 1 also understand that the only inconvenience for participating in
this study will be the two trips | will have to make to the Language Learning Center.

COMPENSATION FOR TREATMENT OF INJURY

{ understand that my entitliement to medical and dental care andfor compensation in the event of injury is governed by federal
laws and regulations. If | have questions about my rights or if | believe | have received a research-related injury, | may
contact the USAF Academy Institutional Research and Assessment Division (HQ USAFA/XPR) at 718-333-2587.

Page 1 of 2 ICD Version Effective January 2002
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DECISION TO PARTICIPATE :

,The decision to part:cupate in this study is completely voluntary on my part. No one has coerced or lntlmldated me into
participating in this program. My alternative to participating in this study is to choose not to participate. | understarid that if I

| refuse to participate, | will not lose any benefits that ! am entitled to. | also understand that a non-graded activity will be

-J available for me as an alternative to participation in this study | am participating because | want to.” My investigator has
adequately answered any and all questions | have about this study, my participation, and the procedures involved. |
understand that an investigator will be available to answer any questions concerning piocedures throughout this study. |
understand that if significant new findings develop during the course of this study that may relate to my decision to continue
participation, | will be informed. | further understand that | may withdraw this consent at any time and discontinue further
participation in this study without prejudice to my rights. [ also understand that the investigator may terminate my participation
‘in this study at any time if he/she feels this to be in my best interest. ‘1 have been provlded a oopy of this consent form

QUESTIONS REGARDING MY PARTICIPATION IN THIS RESEARCH STUDY

If 1 have questions about this research study, | should contact the principal |nvest|gator Lt Col Richard Sutherland at x3820.
If | have questions about my rights as a research participant, or if | have received a research-related injury, | should contact
the USAF Academy Institutional Research and Assessment Drvus:on

(HQ USAFA/XPR) at 718-333-2587.

My signature below indicates my willingness to participate In this research study, my receipt of a copy of this
document, with all three required signatures, and a copy of the Research Subject’s Bill of Rights.

Participant's printed name Participant's SSAN
Participant's signature Date
Advising Investigator's Signature Advising Investigator's SSAN  Date

I witnessed the participant's signature to this informed consent document.

Witness' Signature : Witness's SSAN Date

Distribution: Principal investigator and Participant.

Page 2 of 2 ICD Version Effective January 2002




